Optimization of lipid-indinavir complexes for localization in lymphoid tissues of HIV-infected macaques.
In HIV-infected persons on highly active antiretroviral therapy, residual virus is found in lymphoid tissues. Indinavir concentrations in lymph node mononuclear cells of patients on highly active antiretroviral therapy were approximately 25% to 35% of those in blood mononuclear cells, suggesting that drug insufficiency contributes to residual virus in lymphoid tissues. Therefore, we developed novel lipid-indinavir nanoparticles targeted to lymphoid tissues. Given subcutaneously, these nanoparticles provided indinavir concentrations 250% to 2270% higher than plasma indinavir concentrations in both peripheral and visceral lymph nodes. Improved indinavir delivery was reflected in reduced viral RNA and CD4(+) T-cell rebound. This study optimized lipid nanoparticle formulation with respect to indinavir in lymphoid tissues of HIV-infected macaques. Regardless of lipid characteristic tested (charge, fluidity, and steric modification), indinavir binds completely to lipid at pH 7.4 but is reversed at pH 5.5 or lower. Compared with previous formulations, nanoparticles composed of disteroyl phosphatidylcholine and methyl polyethylene glycol-disteroyl phosphatidylethanolamine (DSPC:mPEG-DSPE) provided 6-fold higher indinavir levels in lymph nodes and enhanced drug exposure in blood. Enhanced anti-HIV activity paralleled improved intracellular drug accumulation. Collectively, these data suggest that indinavir nanoparticles composed of DSPC:mPEG-DSPE provided the most effective lymphoid delivery and could maximally suppress the virus in lymphoid tissues.